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Guiddines
Choleraand Other Bacterial EntericlnfectionsPanedls

Research supported by the Cholera and Other Bacteria Enteric Infections Panels includes investigations of
several organisms, but choleraremains amajor emphasis. Comparison of organismsislikely to provide useful
information on the mechanisms of diarrhea, and study of related emerging enteric diseases continues to be
important. Thefollowing guidelines are designed to focusthe Panels activities:

1 Vaccines and other prevention strategies

* Development of vaccines containing killed, whole-cell or live, attenuated organisms; subunits; toxoids; or
nucleic acid

* Improvement of current vaccines, with emphasis on greater efficacy and safety, aswell aslonger duration of
immunity

e Evaluation of prevention strategies by controlled clinical trials

¢ Development of effective mucosal adjuvants

* Research to increase understanding of protective immunity

¢ Development of other interventions to compete with or counteract enteric organisms

2. Pathogenesis and treatment

e Identification, purification, and synthesis of toxins and other virulence factors of enteric pathogens

e Studies of the genetic code, structure, and mechanisms of action and interaction of enteric pathogens

¢ Development of new meansto detect enteric pathogens and of pharmacological meansto rapidly block toxin
activity or bacterial invasion

¢ Evaluation of intervention strategies by controlled clinical trials and related investigations of basic mechan-
isms of secretion and absorption of water, electrolytes, and nutrients in the bowel

e Exploration of mechanisms of tissue damage and chronic sequelae resulting from infection with enteric
pathogens

3. Microbiological investigations

*  Study of properties of Vibrio cholerae and other enteric microorganisms that are essential for survival and
multiplication in the gut and tissues of the susceptible host
e Examination of properties of the host that contribute to infection with enteric organisms and disease

4. Ecology
* Investigation of factors (e.g., food and water) in the environment outside the human host that influence

human epidemiology, aswell as distribution, growth rate, and virulence of V. cholerae and other enteric
organisms
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Five-Year Summary
Broad Goals

The Choleraand Other Bacterial
Enteric Infections Panels provide
guidance and coordination for a
broad range of research activities
focused on cholera and related
diarrheal diseases. The goals of the
program encompass both basic and
applied research. Included are
investigations aimed at vaccine
development and advancesin
prevention, treatment, and epidemiol-
ogy, as well as studies targeting a
better understanding of the molecular
basis for the virulence of the
causative agents, the cell biology of
the pathogen-host interaction, and
the ecological and microbiological
aspects of disease incidence.

The Panels convene an annual
meeting alternating between a
location in the United States and one
in Japan. These meetings have
steadily gained in their prestige and
impact, and they now attract an
international pool of applicants that
far exceedsthe Panels' resourcesfor
travel and conference support. This
interest has guaranteed the contin-
ued success of the annual meetings
by allowing the highest level of
presentations to be organized by the
Panels. Inturn, the annual meeting
has planted the seeds of collabora-
tion for an ever-widening network of
international scientists who are
working to meet the challenges
posed by cholera and related
diarrheal diseases.

Progressand Accomplishments

During the past five years, outstand-
ing progress has been made on
several important research fronts that
encompass topics such as the
molecular basisfor emergence of
\ibrio cholerae as a pathogen, the
development of choleravaccine, the
physiology of mucosal epithelial

cells, and the molecular basisfor
virulence of several other enteric
microbial pathogens. Much success
has been achieved during this period,
and the fruits of this research effort
are now being realized through
implementation of thefirst programto
administer alocally produced oral
choleravaccine in adeveloping
country.

Inthelast five years, four significant
advances have been made in thefield
of choleraand related diarrheal
diseases. These advances are
described here.

For more than four decades, cholera
toxin has been recognized as the
bacterial product responsible for the
severe, life-threatening, diarrheal
disease caused by V. cholerae.
However, most V. choleraeisolated
from natural environmentslack the
genesfor thetoxin (ctxAB) and a
larger segment of DNA called the
CTX genetic element that encodes
the CTX toxin and other proteins.
The nature of the CTX genetic
element wasrevealed in 1996 by a
series of studies that showed it to be
part of the genome of afilamentous
virus designated as the CTX phage.
This phage had eluded detection
because of several unique features.
Most importantly, CTX phage uses
asitsbacterial cellular receptor the
toxin co-regulated pilus (TCP), atype
IV piluspreviously implicated asa
colonization factor of V. cholerae that
isefficiently expressed only inthe
intestine. Discovery of the CTX
phage provides an important insight
into the emergence of V. cholerae as
a human pathogen, showing that its
emergence depended on acquisition
of the TCP genes and aregulatory
system that induces their expression
invivo. The discovery of this phage
also prompted the accel erated
development of vaccines containing
live strains of V. choleraeinwhich
the entire CTX phage, including its
attachment site for insertion into the
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V. cholerae chromosome, was
deleted. Thesestrains, Peru-15 (an El
Tor O1 strain) and Bengal-15 (an
0139 strain), have been tested in
clinical trials and shown to be both
safe and immunogenic.

Although cholera vaccines are
available in some devel oped coun-
tries, the expense of these vaccines
largely precludestheir usein most
developing countries that are
threatened by endemic and epidemic
cholera. In 1997, researchers
reported dramatic progressin the
development, manufacture, and
testing of anew oral choleravaccine
inadevel oping country (Vietnam).
The vaccine was modeled on a
vaccine containing killed, whole-cell,
bacteria that had been developed and
successfully tested in a collaborative
study by Bengali, Swedish, and U.S.
scientists about 10 years ago. The
current Vietham vaccine lacksthe
choleratoxin B subunit but, impor-
tantly, contains significant levels of
the TCP antigen, aswell asan 0139
serogroup strain, both of which were
absent in an early version of this
vaccine. Two doses of the Vietnam-
ese vaccine conferred protection in
66% of the 51,975 persons tested
and, remarkably, protected 68% of
children aged 1-5 yearsfrom cholera.
These studies provide an outstand-
ing example of theuse of aviable
vaccine concept in a developing
country, where the vaccination
program can beimplemented
inexpensively by local authoritiesto
control alife-threatening diarrheal
disease. This research has spurred
international effortsto accelerate the
development of other vaccinesin
developing countries, including
China, India, and Korea

Live, attenuated strains of V. cholerae

have been developed as single-dose,

oral vaccines, but several unresolved
guestions have emerged from studies
of these vaccinesin volunteers. Two
studies focused on understanding



the intestinal colonization process
and the nature of residual symptoms
seen in some volunteers after
vaccination. In 1998, studies of
volunteers showed that the TCP was
the most important intestinal
colonization factor in the new 0139
strain of V. cholerae. Another pilus
type, the mannose-sensitive hemag-
glutinin, was shown to be unimpor-
tant in intestinal colonization and in
thereactogenicity profileof live,
attenuated vaccines. The newly
discovered RTX toxin, whichwas
deleted in some nonreactogenic,
nonmotile strains used in the
vaccines, was also implicated asa
source of reactogenic effectsin
volunteers. Finally, therelative
efficacy of various vaccines contain-
ing live, attenuated organisms
derived from classic, El Tor, and 0139
strains has been addressed by the
development of standardized, frozen
strains for challengein studiesin
volunteers.

During thelast few years, bacterial
pathogens other than V. cholerae
have gained in prominence as causes
of life-threatening enteric disease. In
1996, amassive outbreak of more
than 10,000 symptomatic cases of
hemorrhagic colitis occurred among
elementary school childrenin Sakali,

Japan. Thetoxigenic Escherichia
coli O157:H7 responsiblefor this
epidemic has also caused hundreds
of cases of diseasein the United
States and other developed coun-
tries. Over thelast fiveyears,
significant progress has been made
in understanding the mechanisms for
virulence of thisstrain and severa
other strains of E. coli enteric
pathogens. The locus of enterocyte
effacement (L EE), apathogenicity
island with aDNA sequence longer
than 40 kilobases, has been se-
guenced and characterized molecu-
larly. Thislocusencodesatype 1l
secretion system that isimplicated in
the alteration of intestinal cell
architecture by injection of bacterial
effector proteins into host target
cells. Furthermore, some entero-
pathogenic strains of E. coli
(EAQQEC) that aggregate on host
cells produce abundle-forming, type
IV pilusrelated to the TCPpilus of V.
cholerae. Studiesin volunteers have
shown that this pilus is an essential
colonization factor and thus may be a
target for future vaccine efforts.
EAQQEC strains also induce produc-
tion of interleukin 8 (1L-8) by cultured
epithelial cells. Becausethis
cytokineisproinflammatory, it may
be responsible for the production of
aninflammatory diarrhea, whichis
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characterized by the presence of IL-8
and lactoferrinin the stool. This
condition is seen in patients with
EAQQEC disease.

FutureGoals

Cholera continues to be a significant
cause of morbidity and mortality in
the developing world. Accordingly,
the major goals of the Panelsareto
coordinate and implement effective
treatment to control choleraand,
ultimately, to achieve prevention
through vaccination and other public
health strategies. In these efforts,
the U.S. Panel will continueto serve
as an advisory group to the National
Institutes of Allergy and Infectious
Diseases (NIAID), at the National
Institutes of Health. NIAID hasan
aggressive program of sponsored
research and clinical trialsaimed at
the development and evaluation of
vaccine candidates for choleraand
most of the other significant diarrheal
disease syndromes. Thus, the Panels
will continueto collaborate with
NIAID in seeking information about
the epidemiology, virulence, molecu-
lar pathogenesis, and ecology of the
microbiological agentsresponsible
for these diarrheal diseases.
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